ABSTRACT: Contact sport teams require their athletes to undergo baseline concussion testing for comparison to their postconcussion results. The standard test during this study was the Sport Concussion Assessment Tool-3rd edition (SCAT-3). Clinically used for return to play procedure, most athletes return to baseline scores 8-10 days' post-concussion. Electroencephalography (EEG) is a non-invasive means of measuring the electro-physiological function of the brain. EEGs are the summative measure of EventRelated Potentials (ERPs) which are measures of brain activity after a specific event. P300 is an example of an ERP that is commonly used as a neurocognitive marker in concussion research. P300 can be further broken down into P3a and P3b, which relate to attention and decision making respectively. Using this technique, lasting functional deficits, beyond those that are highlighted on the SCAT-3 scores, have been noted. This study aims to evaluate the effect subconcussive impacts (SCI) have on SCAT-3 and electrophysiology from one season to the next in Canadian University football players over two seasons. Participants underwent standard SCAT-3 and EEG baseline testing at the beginning of two subsequent seasons. The EEG tests consist of two 5-minute baseline periods with eyes open and closed, followed by a 10-minute session collecting event-related potentials using a three-stimulus Oddball paradigm. Players mean scores showed increases in both number of symptoms (1±4.08) and symptom severity (1.9±6.6). Mean P3a and P3b latencies increased. Additionally, mean amplitudes decreased for both P3a and P3b. University Football players show physiological defects from accumulated SCI during a season. These deficits may accumulate each successive season without resolution. Due to their slow onset, evaluations of these changes are difficult identity. EEG measurements are sensitive to small changes in function and serve as an ideal tool to measure these changes. The SCAT-3 is less sensitive to these minor changes but still has value since it can be used acutely in sideline assessment of concussion.
Introduction
The purpose of this study was to investigate the effect of accumulated subconcussive impacts on University Football Players through physiological testing. Concussion is defined as a complex pathophysiological process affecting the brain, caused by biomechanical forces resulting from a direct or indirect blow to the head or body (1) . An individual's symptom presentation following a concussion may vary depending on the force characteristics of the impact and the brain areas affected (2) . These symptoms may be physical, cognitive, emotional, or sleep related (1) . Acutely, 91% of athletes will have resolution of these symptoms within 7 days (3). This apparent quick resolution of symptoms has led to a common assumption that concussions have no lasting neurological deficits. However, research using Magnetic Resonance Imaging (MRI) and Electroencephalography (EEG) have found prolonged deficits beyond symptom resolution (1, (4) (5) (6) (7) (8) . This research has not defined a "threshold" for concussion causing impacts, however ranges with increased likelihood of concussion have been found (1) . Literature has shown an average 9.3-m/s impact velocity, 7.2-m/s change in head velocity, and 961.05 m/s 2 head acceleration in professional football players (9) .
Not all impacts will be of such magnitude, the majority of impacts that an athlete endures will not cause concussion. These sub-concussive impacts (SCI) are defined as any impact to the head causing mild brain trauma that does not result in observable concussion symptoms (10) . American college football players receive roughly 3,500-28,000 SCIs for every concussion (11) . Recent studies found Canadian university players received an average of 335 impacts in a season (12) . These impacts accumulate and may cause pathologies without symptom presentation. Using Diffusion Tensor Imaging MRI, Bazarian et al. observed changes in white matter tracks in the corpus callosum of collegiate football players six months after a season of play (5) . These repetitive impacts have been related to development of chronic traumatic encephalopathy (CTE) later in life. (5) (6) (7) (8) Tool-3 rd edition (SCAT-3) is a freely available standardized neurocognitive assessment. Both the National Football League (NFL) and National Hockey League (NHL) have used versions of the SCAT for sideline assessment of concussion (16) . The SCAT-3 assesses athletes using subtests such as; The Glasgow Coma Scale, Maddox Score, Standardized Assessment of Concussion (SAC) and modified Balance Error Scoring System (mBESS) (1) . The SCAT-3 functions both as a baseline and immediate sideline measure. It is recommended that multiple test be completed by athletes' post-concussion, with these scores compared to an athlete's baseline (14, 15) . The SCAT-3 represents an easy to administer and reliable assessment of concussion. However, it has been shown that some athletes purposely decrease performance to reduce the likelihood of their removal from games during later assessment (53) . For this reason, clinicians are more reliant on physiologic responses to concussion that cannot be fabricated. Electroencephalography (EEG) is a commonly used measure of physiological function. It measures the electrical fields generated in the brain that travel to the surface of the scalp. Which has proven useful for both research and clinical assessment of neurological deficits (18) (19) (20) . EEG is tool that can detect subtle changes in brain function (21) . It is non-invasive, portable and relatively inexpensive (22) allowing it to be incorporated in concussion assessment. EEGs measure the sum of all the Event-related brain potentials (ERPs) occurring at the time of measurement. ERPs represent voltage changes in neurons in response to a specific stimulus (23) . ERPs are useful in providing insight to underlying cognitive function (23) , and tracking changes in electrical function after concussion (24) . However, these deficits are not always accompanied with presentation of symptoms (25, 26) .
A specific ERP of interest in concussion research is the P300 wave. It is commonly divided into two subcomponents, P3a and P3b, which relate to attention and decision making respectively (27) . The P300 occurs when an individual responds to a task relevant stimulus (28) .
The best known paradigm for producing the P300 is the Oddball paradigm. Two stimuli differing in characteristics (pitch of sounds or size of shape), one occurring frequently the other infrequently are presented to an individual. The individual must response to the infrequently occurring stimuli. The presentation of the frequent stimuli produces the P3a subcomponent which is thought to relate to stimulus recognition and orientation of attention (29) . The infrequent stimulus elicits the P3b subcomponent. P3b ERPs can differ in both amplitude and latency. Changes in amplitude are related to the attention oriented to the task (29) , whereas, changes in latency are related to changes in the time to evaluate environmental stimuli (30) . Changes in attention and decision making are important in the evaluation of concussed athletes and retuning them to school and sport. It was hypothesized that players with decreased P3a and P3b measures would score higher on the SCAT-3.
Methods
This protocol was approved by Western University's Human Subjects Research Ethics Board.
Participants
Male participants information from the Western University (UWO) Varsity football team was collected from previous study data. This team competes in the Canadian Interuniversity Sports League (CIS) within the Ontario University Athletics Division (OUA). Only players who underwent one practice and one game in the 2015-2016 season were included, 35 participants met these criteria, ranging from age 20-23 years. These players included a number of positons and were split into subgroups accordingly; there were 14 Big Skilled (1 Quarterback, 5 Running Backs, 2 Full Backs, 6 Line Backers), 11 Small Skilled (5 Defensive Backs, 6 Wide Receivers), and 9 Big Unskilled (7 Offensive Line, 2 Defensive Line) participants.
Measurements

SCAT-3
All components of the SCAT-3 were assessed as part of this study.
Symptom Evaluation
This subcomponent of the SCAT-3 consists of a checklist of 22 common post-concussion symptoms (1) . This test can be administered in four conditions; self-rated, clinician interview, self-rated with clinician monitoring or self-rated with parent input. All participants were clinically interviewed by a Western Undergraduate Research Journal RESEARCH ARTICLE trained health care professional. Symptoms were scored on a Likert scale ranging from 0-6. Two scores were calculated, one score totaled number of symptoms with a maximum of 22, while the other tallied symptom severity to a maximum 132. Increases in either of these scores indicate that the individual displays more concussion related symptoms.
Cognitive and Physical Evaluation
This component of the SCAT-3 consists of four subtests; Orientation, Immediate Recall, Concentration and Delayed Recall. These tests were independently scored and summed for a total score of 31. Increases in these scores indicate that the individual is less symptomatic, opposite that of the Symptom Evaluation.
Orientation. Participants were asked five questions; What month is it?, What is the date today?, What is the day of the week?, What year is it?, What time is it right now? (within 1 hour). Correct answers were scored for a total of five.
Immediate recall. Interviewers select one standard, five word lists and read it aloud to the subject. Participants were then required to repeat, from memory, words from the list back to the interviewer. This is repeated three times, using the same list of words, for a total score out of 15 correctly repeated words.
Concentration. Participants were read a digit span and asked to repeat it in reverse to the interviewer. Participants began by repeating three digits and progressed, if correctly repeated, to a maximum of six digits. Participants were given two chances at each span length and were scored out of 4. Following the digit span, participants were asked to repeat the months of the year in reverse order, starting with December, and were scored out of one based on completion of this task.
Delayed recall. At the end of the SCAT-3, participants were asked to recall the list of words used earlier in the Immediate Recall task, again from memory, once to be scored out of five.
Modified Balance Error Scoring System (mBESS)
The mBESS consists of three separate 20 second balance tests performed in different stances on a concrete surface. The three stances used were double leg, single leg, and tandem stance with one foot behind the other in-line. Participants stood with hands on their hips and eyes closed. Errors were scored for any of the following; hands lifted off iliac crest, opening eyes, step, stumble, or fall, moving hip into >30 degrees' abduction, lifting forefoot or heel, or remaining out of test position >5 sec. Increases in error score show that an athlete is more symptomatic of concussion.
Procedure
SCAT-3 Baseline
Testing was conducted at Kirkley Athletic Training Center on Western University main campus. For all participants, testing was performed in a quite space. All tests were done by individuals trained in SCAT-3 testing; doctors, physiotherapists, athletic therapists, and student trainers. Testing occurred in the two days preceding training camp (Early August). The two testing periods were approximately one year apart.
Electroencephalography
Participants underwent neurophysiological testing, via the eVox System (Evoke Neuroscience, New York). Prior to the start of training camp for the 2015 and 2016 seasons, EEG tests were conducted in conjunction with the SCAT-3 testing. Participants performed three tests during baseline sessions; Eyes Open, Eyes Closed and the Oddball paradigm. For the Eyes Open task, participants stared at a computer screen for five minutes in a relaxed state. For Eyes Closed, participants sat with eyes closed for five minutes in a relaxed state. For these tasks, participants were instructed to sit as still as possible and reduce eye and face movement as much as possible, to reduce artifacts. A 10 minute Oddball paradigm was performed to complete the testing. Participants were presented one of two visual stimuli (a medium blue circle and a large blue circle) in a random series. One of the stimuli (the large blue circle) was presented infrequently (20%). Participants were instructed to respond to this stimulus via button press. A short instructional period and practice test were completed prior to actual testing.
Data Analysis
ERP waves were obtained via 19 channel tin sensors at a rate of 250 Hz, with linked ear ground sensors. Amplitude was measured as the difference between pre-stimulus activation and maximal amplitude. Only trials with correct responses were used in P3b analysis. Artifacts from facial muscle activation and eye movements were corrected using proprietary algorithms and visual analysis to ensure consistency. Raw data EEG data was stored in secure online data banks. 
Statistical Analysis
Only participants who competed in a minimum of one practice and one game in both the 2015 and 2016 OUA football seasons were included; 35 players met these criteria. Means and standard deviations for SCAT-3 and EEG measurements in 2015, 2016 were calculated. Additionally, changes in SCAT-3 and EEG scores between these seasons were calculated. Repeated measures T-tests were performed to determine the statistical significance of the changes between 2015 and 2016 baselines in SCAT-3 and EEG measures. 
Results
SCAT-3
EEG
Descriptive statistics for all EEG measures are presented in Table 3 . No significant differences were found.
P3a
P3a latency for Big Skilled players (Table 4 ; 39.84±64.04ms) had greater increases than Big Unskilled (Table 4 ; 19±27.25ms) or Small Skill (Table  4 ; 2.9±81.17ms). Decreases in amplitude were also see in all three groups (Table3: -5). With Small Skilled (Table 5 ; -8.15±6.5µV) having larger decreased than either Big Skilled (Table 5 ; -5.9±8.63µV) or Big Unskilled (Table 5 ; -4.22±8.95µV). No significant differences were found for P3a profiles between seasons.
P3b
P3b latency increased for Big Skilled (Table  6 ; 29.81±66.7ms) and Big Unskilled (Table 6; 26.5±97.1ms). Decreased in latency was observed for Small Skilled players (Table 6 ; -2.5±86.0ms). Average P3b amplitudes decreased for both Big Unskilled (Table 7 ; -3.58±8.12µV) and Small Skilled (Table 7 ; -4.47±10.7µV). However, amplitudes increased on average Big Skilled players (Table 7; 1.18±4.1µV). No significant differences for P3b measures were found between seasons. 
Discussion
The purpose of this study was to examine the effects of accumulated impacts on Canadian University football players, through SCAT-3 and EEG testing. It was hypothesized that players with decreased EEG measurements would be more symptomatic on SCAT-3. However, no significant differences or group effects were found.
Mean SCAT-3 scores increased for Symptom Number and Symptom Severity. These changes represent increased presentation of concussion symptoms. This differs from previous research that found no change or improvements in non-injured athletes (31) . Big Unskilled players were the only group to show decrease in concentration scores (-.77±1.03). Big Unskilled players are thought to receive the greatest number of impacts in a season (12) . One point decreases in the Cognitive and Physical Evaluation show 94% sensitivity and 76% specificity in diagnosing concussion (20) . These changes would categorize some players as 'injured' via reliable change indices (32) . SCAT-3 has been studied and validated in athletes (1, 33, 34) therefore; these changes in scores are meaningful for the sample studied.
The P3a component of the P300 ERP is thought to relate to the orientation of attention (35) . On average, all groups showed increased in P3a amplitude. This contradicts findings of no change in P3a amplitude following concussion in other studies (23) . These changes eluded to an increase in attention needed to focus on the relevant task. P3a exhibits a frontal lobe scalp distribution, and lesion studies support frontal lobe origin (36) . The changes in P3a amplitude found in the present study suggest abnormal frontal lobe function. Deficits, primarily in the dorsolateral prefrontal cortex, have been found post-concussion (37) (38) (39) (40) . Decreases in amplitude were smallest for Small Skilled players, which are the group found for have the smallest number of impacts (12) . This contradicts the hypothesis of larger deficits in high hit players. However, latency had the largest increase for Big Unskilled players who average the most impacts (12) .
The P3b subcomponent is theorized to be related to allocation of attentional recourses and updating context of working memory (29) . The findings of decreases in amplitude support previous research (41, 42) . P3b amplitude is thought to relate to the allocation of attentional recourses for a given task (43, 44) . It has been theorized that P3b is related to an inhibition of irrelevant stimulus (35) . Decreases in amplitude seen in this study could relate to a decreased ability to inhibit irrelevant cues. P3b has been related to working memory, which has hippocampal origins (45-47). P3b latency is related to stimulus detection, classification and evaluation (48) (49) (50) (51) . Our results support previous research that asymptomatic athletes show increased P3a latency post impact (42) . With participants showing decreases in Pb3 measures on average, further investigation into hippocampal deficits and SCI is warranted.
No significant differences were found between changes in SCAT-3 and EEG (Figure 1a) . However, trends can be observed between decreased in P3b amplitude and Symptom Severity for Big Unskilled players (Figure 1b) . All Big Unskilled players who showed a deficit in P3b amplitude also showed an increase in Symptom Severity Scores.
Big Unskilled players also demonstrate trends between decreased P3b amplitude and decreases in Concertation Score (Figure 2b ). These both support the hypothesis' that deficits seen on EEG would manifest as symptom presentation and these effects would be more significant in high impact groups.
The present study limited in its sample size. Additionally, the high variability of the data meant that it was unlikely to achieve statistically significant results. Although the purpose of this study was to observe the effects of sub-concussive impacts, athletes may have experienced undiagnosed concussions. Although the SCAT-3 has been shown to valid and have high interrater reliability (32) , inconsistencies in testing between clinicians are possible. Athletes have been shown to purposely fabricate baseline scores to avoid removal from play post-concussion (53, 53) . Additionally, player impact profiles were assumed from previous data and may not be true representations of the impacts that occurred during the season. Finally, participants were required to compete in a minimum of one game and practice for inclusion leaving the possibility of much fewer impacts in single game players.
Conclusion
In summary, these results show that University football players show neurophysiologic deficits from accumulated head impacts during their football season. These deficits are not resolved over an off-season of rest. This is important because these deficits may accumulate each successive season. Over a football players career, these accumulations may cause noticeable changes. However, due to their slow onset, these changes are harder for family, coaches, and medical professions Western Undergraduate Research Journal RESEARCH ARTICLE to identify. This brings merit to EEG measurements, due to their sensitivity to small changes in function, being incorporated in evaluation of player health. The SCAT-3 is less sensitive to minor changes, but still critical acutely in the diagnosis of concussion. Future research should investigate the effects of subconcussive impacts over multiple seasons for longitudinal observation.
